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1, In t roduct ion  ,_/ 
I n  yellow-fever endemic bries opera t ions  f o r  s u r v e i l l a n c e  of p o t e n t i a l  vec to r s  may have 
s a v e r a l . d i f f e r e n t  ob jbdt ives :  
-To e s t a b l i s h  i r i i t i a l l y  t h e  d i s t r i b u t i o n  of t h e  v e c t o r s ;  
To determine tfie t h e o r e t i c a l  r i s k s  of t iansmission as a func.t;ion of .the abundance and 
t h e  ecology of the v e c t o r s ;  
. .  
. .  
. To dehionstrate t h e  c i r c u l a t i o n  of t h e  v i rus .  
The present  document ip  conckrned only With t h e  confirmed p o t e n t i a l  vec to r s  of yellow fever ,  
which a r e  a l l  mosquitos. 
2, Dis t r ibu t ion  of t h e  vec to r s  
T h e  d i s t r i b u t i o n  of Aedes aegypt i  i n  yellow-fever endemic zones w a s  genera l ly  w e l l  known 
i n  former t i m e s .  
e l imina ted  t h i s  mosquito froin v a s t  regions,  whi le  acc iden ta l  i n t roduc t ion  takes p lace  from t i m e  
t o  t i m e  i n t o  t h e  coun t r i e s  fl'om which t h e  spec ie s  had been el iminated.  
The s i t u a t i o n  is now evolving r a p i d l y ,  e r ad ica t ion  campaigns having 
The d i s t r i b u t i o n  of the o the r  p o t e n t i a l  vec to r s  is genera l ly  f a r  less w e l l  known, 
p a r t i c u l a r l y  i n  t r o p i c a l  Afr ica .  
dur ing  t h e  ra iny  season, which is the very per iod  when it is most d i f f i c u l t  t o  move around 
away from t h e  major highways. 
I n  o rde r  to  be e f f e c t i v e ,  surveys have t o  be conducted 
Di s t r ibu t ion  s t u d i e s  are genera l ly  confined to  e s t a b l i s h i n g  t h e  presence or absence of 
each of t h e  vec to r s  and the end product is usua l ly  a map i n  which t h e  geographical  u n i t  is  
e i ther  an adminis t ra t ive  d i v i s i o n ,  o r  a square  degree,  or a f r a c t i o n  of a square degree,  
depending on t h e  dens i ty  and p rec i s ion  of t h e  f i e l d  s t u d i e s  (Muspratt,  1956; Yasuno e t  a l ,  
1969; Mouchet, 1970a, b ahd e; Hamon et  a l ,  1970). 
Such s t u d i e s  c o n s t i t u t e  above a l l  a source of base- l ine data f o r  the su rve i l l ance  
ope ra t ions  proper.  
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3. Theore t i ca l  ri.sks,,of t ransmission as a f u n c t i a p  of t h e  abundance and ecology of 
t h e  ve,qtors 
-- 
EvaldPtion of t h e  abundance of yellow-fever vec to r s  was o r i g i n a l l y  done only on 
A. aegyp,ti,, aird most of t h e  i n d i c e s  a t  present in  use  a r e  appl icable  t o  t h a t  spec ie s  alone. 
Wen the l a r v a l  h a b i t a t s  a r e  access ib l e  and r e l a t i v e l y  permanent, t h e  ind ices  of frequency 
and abundance a r e  e s s e n t i a l l y  based on a count of them. When these  h a b i t a t s  a r e . n o t  a l l  
equa l ly  access ib l e  o r  a r e  very temporary i n  na tu re ,  t h e  eva lua t ion  of abundance has t o  be 
based om a Btudy of t h e  a d u l t  ntosquitos, 
3.1 Lgrval l nd ices  
36 141 Aedes geggpt i  
Or ig ina l ly  silrveys *re l i ini ted t o  determining t h e  propor t ion  of h a b i t a t s  p o s i t i v e  f o r  
-__. h. aegypt i  (Graham, 1911; klaoFie BG Ingram, 1916; Beeuwlres e t  a l ,  1933),  bu t  t h e  value o9 t h i s  
information vqried wi th  t h e  number of p o t e n t i a l  h a b i t a t s  ava i l ab le .  This procedure i s  never- , 
t h e l e s s  s t i l l  used nowadays (Yasuno &r Tonn, 1969; ?onh e t  a l ,  1969a)An research  on t h e  vec tors  
of haeníoPrhagic f eve r s  i n  South-East Asia; t ak ing  i n t o  account t h e  abundance of p o t e n t i a l  
h a b i t a t s  arid t h e  average l a r v a l  detnsi t ies  per  p o s i t i v e  h a b i t a t ,  it then  becomes poss ib l e  t o  
evalu6ite t h e  number of adu l t  ihosquitos produced pe r  day i n  a given a rea  (Tonn e t  a l ,  19G9b). 
- 
I 
I n  yellow-fever endemic aories a "premise index" of A. aegypt i ,  def ined a s  t h e  perbentage 
of houses contairl ing larval h a b i t a t s  of t h a t  mosquito, was then used. This  index was very 
widely employed i n  Afr ica  ( O I H P ,  1937) and was later? adbpted by WHO, which c l a s s i f i e d  a s  a 
danger zone any endemic region i n  which it exceeded one per cent, ( i . e . ,  one p o s i t i v e  dwell ing 
per  100 v i s i t s )  (l@IO, 195U), This index is sometimes d i f f i c u l t  t o  u se  i n  t r o p i c a l  coun t r i e s  
where t h e  t ePm "dwelling" covers  e n t i t i e s  d i f f e r i n g  very widely from one another ;  
does not  t ake  i n t o  accodnt t h e  number of p o s i t i v e  h a b i t a t s  per  dwelling. The most recent  
surveys conducted i n  t r o p i c a l  Afr ica  have t h e r e f o r e  used a Stegomyia index ("Breteau's index") 
def ined  a s  t h e  number of Aedes aegypt i  breeding p laces  per 100 inhabi ted  rooms (Pichon e t  a l ,  
1969; Mouchet, 1970a, b arid c ;  Hamon et  a l ,  197011 
moreover, i t  
With a v i e t  t o  s impl i fy ing  f i e l d  s t u d i e s ,  it has been suggested t h a t  only one l a r v a  o r  
pupa be collected f o r  each p o s i t i v e  h a b i t a t  (WHO, 1968; Rao e t  a l ,  1969). This  method save:; 
cons iderable  t i m e  i n  i d e n t i f y i n g  t h e  ma te r i a l  co l l ea t ed ,  but it can lead t o  h ighly  ques t ionable  
conclusioris when var ioh$ species, morphologically s imi l a r ,  Co-exist in t h e  same type Of h a b i t a t .  
3.1 i B Other, vec to r s  
WHen t h e  lai-val h a b i t a t s  of  t h e  niain jungle  vec tors  a r e  access ib l e ,  t h e i r  frequency and 
abundance can be evaluated With ind ices  s i m i l a r  t o  those  used f o r  A. aegypt i .  This  has been 
done, i n  p a r t i c u l a r ,  f o r  t hose  spec ie s  l i v i n g  i n  p l a n t s  with ensheathingleaves which sprout  a t  
ground l e v e l  (Teesdale ,  1941 8G 1957; G i l l e t t ,  19G9) as  w e l l  a s  f o r  mosquitos whose ecology is  
s j m i l o r  t o  t h a t  of A.  aegypt i  (Yasuno e t  a l ,  1969; Mouchet, 1970b). Over l imi t ed  a reas  it 
j ï even possi  hJ e Lo e s t a b l i s h  the average number 01 pos f t ive  h a b i t a t s  per  u n i t  of a rea ,  t he  
average l a r v a l  t lcns  i t y  p*r h a l i i  (a1 , a i l t l  Lhe d a r l y  c:qi:~ci ly Cor produclion of adu.Lt i l losquitos,  
a s  i s  b e i n g  dono i n  var ious  pro.jecls.  
~- 
3.2 Evaluation of t h e  abundance of adu l t  mosquitos 
Evaluat ion of t h e  abundance of adu l t  mosquitos is done e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ;  
he re  too  t h e  most e l a b o r a t e  methods concern A. aegypt i .  
' Direc t  eva lua t ion  is gene ra l ly  based on determinat ion of t h e  number of mosquitos b i t i n g  
a b a i t  i n  a given t i m e  ( G i l l e t t  et  a l ,  1969). The p r i n c i p l e  is t h e r e f o r e  very simple,  but 
i t s  app l i ca t ion  is d i f f i c u l t ,  f o r  t h e  cyc le s  of a c t i v i t y  of t h e  vec to r s  Vary wi th  a number of 
e x t e r n a l  f a c t o r s  ( temberature ,  wind, l i g h t  i n t e n s i t y ,  l e v e l  above t h e  ground). while t h e  
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a t t r a c t i n g  power of tfie b a i t s  i s  d i f f i c u l t  t o  s tandard ize  ( G i l l e t t ,  1969; Yasuno & Tonn, 
1970; Yasuno 8L Pant,  1970).  Despi te  t hese  d i f f i c u l t i e s ,  t h i s  inethod has been and s t i l l  is  
widqly employed. 
I n  c e r t a i n  a reas  t h e  Leasurement of the abundance o f  adu l t  vectors has been done by means 
of l i g h t  t r aps .  
p o t e n t i a l  vec tors  a r e  not  much a t t r a c t e d  by such t r a p s  (Corbet,  1961; Doucet, 1961; Serv ice  & 
Boorman, 1965; OByral, 2970). 'I 
The r e s u l t s  seem t o  be very uneven and, a t  any r a t e  i n  t r o p i c a l  Afr ica ,  the  
Numerous models of t r a p s  with b a i t  have been descr ibed but  they a r e  genera l ly  unwieldy 
and, i n  Afr ic$ ,  have never replaced direct  capture  on b a i t  f o r  s t u d i e s  of p o t e n t i a l  vec to r s  of 
yellow feve r .  I t  would neve r the l e s s  be d e s i r a b l e  t o  re-evaluate  and, i f  poss ib l e ,  improve 
them, so t h a t  PecoUr9e t o  t h e  t r a d i t i o n a l  "human b a i t "  can be el iminated.  
- 
Ind i r ec t  eva lua t ion  i s  based on the  u s e  of ov i t r aps ,  t h e  spec ie s  then  being i d e n t i f i e d  
either by d i r e c t  examination of t h e  eggs o r  by breeding from them. 
use foe  a very long time i n  t r o p i c a l  Afr ica  (Dunn, 1927a and b; Hocking, 1947; Sur t ees ,  1960; 
Doiicnt % Cachan, 1962; Corbet,  1964; Service,  1965) and. is p a r t i c u l a r l y  e f f e c t i v e  f o r  
d e t e c t i n g  Versi low vec to r  dens i t i e s  (Robinson, 1950; Gayral,  1970). I t  has  a l s o  given very 
good Fesu l t s  i n  t r o p i c a l  -America (Galindo et a l ,  1951) and i n  South-East Asia (Yasuno et a l ,  
19691, *h i l e  i t s  use  has r ecen t ly  been s tandardized i n  t h e  United S t a t e s  (Fay tk Eliason,  1966; 
Jakob & ?3èvier, 19691, 
This method has  been i n  
' .  
3.3 
The r e l a t i o n s h i p s  formerly e s t ab l i shed  between t h e  Stegomyia'indek and t h e  yellow-fever 
r i s k  have Bn empir ica l  bas i s .  I t  would be d e s i r a b l e  t o  eva lua te  more p r e c i s e l y  t h e  c r i t i c a l  
d e h s i t i e s  and t h e  r a t e  of repr.oduction of t h e  d i sease  from an imported case  a s  a func t ion  of 
t h e  abundance and t h e  ecology of t h e  p o t e n t i a l  vec tors .  
4 .  
Abundance of vec to r s  and r i s k s  of t ransmission of yellow fever  
Qemonstration o$ the c i r c u l a t i o n  of t h e  v i r u s  among, t h e  vec to r s  
One of the best proofs  of t h e  c i r c u l a t i o n  of yellow-fever v i r u s  might be t o  i s o l a t e  it 
from t h e  vec tors .  This  has been done i n  endemic zones, i n  t h e  course of enzoot ic  waves of 
g r e a t e r  o r  lesser dura t ion ,  both i n  Afr ica  (Woodall, 1964) and i n  America (Burgher e t  a l ,  1944) 
a s  w e l l  as dur ing  epidemics (Beeuwkes & Hayne, 1931; S6r i6  e t  a l ,  1968). Nevertheless ,  t he  
p r o b a b i l i t y  of encounter ing in fec t ed  mosquitoe seems t o  be very s l i g h t  and most of t h e  recent  
i n v e s t i g a t i o n s  conducted i n  a reas  of t r o p i c a l  Afr ica  where t h e  yellow-fever v i r u s  c i r c u l a t e s  
spo rad ica l ly  have been unproductive (Chippaux & Chippaux-Hyppolite, 1966; Robin & B r e s ,  1969; 
Bro t t e s  et  a l ,  1966; Rickenbach e t  a l ,  1969) although many o t h e r  a rbovi ruses  have been 
is01 ated.  
5. Discussion and conclus ions  
In  t h e  yellow-fever endemic a reas  as a whole the main o u t l i n e s  of t h e  d i s t r i b u t i o n  of 
p o t e n t i a l  vec to r s  a r e  apparent ly  known but ,  except i n  t h e  case  of A. aegypt i ,  few d a t a  e x i s t  
regard ing  t h e  r e l a t i v e  and absolu te  abundance of t he  main spec ie s  i n  t h e  var ious  ecologica l  
zones. 
Surveys on domestic and sub-domestic populat ions of A. aegypt i  can be done q u i t e  r ap id ly ,  
with r e l a t i v e l y  l imi t ed  f a c i l i t i e s .  S tud ie s  on the jungle  forms of t h i s  same spec ie s  and on 
t h e  o t h e r  p o t e n t i a l  vec to r s  w i l l  be much more d i f f i c u l t  t o  ca r ry  out  and w i l l  r e q u i r e  
cons iderable  resouxces over  long per iods.  
With present  survey methods i t . i s  poss ib l e  t o  determine t h e  zones i n  which t h e  r i s k  of 
'epidemics would apparent ly  be h ighes t  i f  t h e  yellow-fever v i r u s  were. introduced the re ,  but  i t  
does not  seem p o s s i b l e  to  express  t h i s  r i s k  s a t i s f a c t o r i l y  i n  f igu res .  
s u r v e i l l a n c e  opera t ions  should inc lude  a programme of r e sea rch  ibto I- means . of eva lua t ing  t h i s  
r i s k  p rec i se ly .  
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